To analyze the effects of simvastatin (SVT) in the locomotion, anxiety and memory of rats, as a reflection of the administration of a minimum dose capable of stimulating bone regeneration in defects in the calvariae.
Introduction
For many years the gold standard applied to bone grafting has been of the autogenous type. The bone graft is obtained from the same patient from different intra-or extra-oral donor regions, such as parts of the mandible, skullcap or tibia 1 .
The search for a bone substitute has increased over the years due to the limited volume of bone removed from the donor area and mainly because of surgical morbidity 2 . The search for a material that eliminates the need to intervene in the donor area could lead to further advances in biomaterials research and the production of different bone substitutes.
There are some factors that are valuable in bone regeneration, e.g., hormones, cytokines and growth factors, such as bone morphogenetic protein 3 , drugs such as calcitonin 4 and statins 5 .
The latter, in turn, are widely used to lower blood cholesterol level and can stimulate bone formation, as observed by the increasing activity of the alkaline phosphatase, osteocalcin expression levels and mineral deposits, suggesting an anabolic effect on bone tissue by increasing osteoblast differentiation 6 . Some studies suggest that simvastatin (SVT) enhances differentiation of osteoblasts in humans, measured by increased alkaline phosphatase activity and the expression of osteoblast-related genes 7 .
Although there is a great deal of information indicating are also many questions about the optimal concentration and the best carrier for the drug. The materials available for bone regeneration are still expensive and unaffordable to many patients, and therefore, there is a tireless search by the scientific community for a biomaterial that is efficient and, at the same time, accessible to the majority of the population 6, 8 .
Attention should also be given to the fact that the SVT influence another aspect that cannot be ruled out in this present context, which concerns to their interference on aspects of neurobehaviour. In recent years, attention has been given to this statin in the treatment of anxiety and depression 9, 10 , for its therapeutic potential in the treatment of neurodegenerative diseases involving excitotoxicity 11 , and loss of learning and memory 12 . Nevertheless, to the best of our knowledge, no work in the literature has investigated whether a low dose of SVT, able to promote bone healing, may interfere with the cognitive and behavioural aspects of the users.
In order to investigate this, the aim of this study was to assess the behavioural and cognitive effects of the SVT dose seeking to stimulate bone regeneration in defects created in the calvariae of rats. to 18:00 h), After the surgical procedures and the behavioural assessments, the animals were sacrificed by decapitation eight weeks after the onset of the experiments, which is the time required for bone healing in rats. The brains were dissected and stored in 10% formalin for further studies.
Methods

Research
Preparation of simvastatin
The ideal amount of BoneCeramic ® (BC) and SVT solution to fill a bone defect 5 mm in diameter was standardized, using a condensation silicone template created to mimic the bone defect. We determined that collagen sponge (CS) or 15 mg of BC and 15μL of a SVT (BC+SVT) solution in ethanol were sufficient to fill the designed defect. The SVT solution (Farmogral ® , Brasilia, Brazil) was prepared to contain 0.1 mg of SVT in 15μL of SOLUTION 23 .
Anaesthesia and surgery procedures
The rats were anesthetized with ketamine (80 mg/kg) and xylazine (10 mg/kg) by intramuscular route before the induction of bilateral defects in the calvariae. The rat's skulls were desinfected with povidone-iodine solution, a linear incision was made on the region, and a full thickness flap elevated exposing the bone. A 5mm diameter trephine Neodente ® drill (Curitiba, PR, Brazil) was used to create a bone defect on both sides of the calvariae, totalling two bone defects on each rat. Constant irrigation with a saline solution was used in order to avoid overheating the bone. The defects were filled with different materials as described below. At the end of the surgical procedures, a suture was made using a mononylon Inhibitory avoidance task: The equipment was an acrylic box (50 cm x 25 cm x 25 cm), the floor of which consisted of parallel stainless steel bars (1 mm diameter) spaced 1 cm apart. A platform (7- cm wide x 2.5-cm high) was placed on the floor against the left wall.
The animals were placed on the platform, and the time from latency to step-down on the grid with four paws was measured with an automatic device. The experimental subjects were submitted to the inhibitory avoidance task using a protocol similar to that previously described 14 .
During training sessions, immediately after stepping down on the 
Experimental design
The animals were behaviourally assessed on the 7 
During test sessions, no foot shock was administered, and the stepdown latency (maximum 180 sec) was used as measure of memory retention. Animals were submitted to a single training session. In order to evaluate short-(STM) and long-term (LTM) memories, test sessions were performed 1h and 24h after training, respectively.
Statistical analysis
The results were expressed as the mean ± SEM (standard error of the mean) of 15 animals (five animals/group). Data were analyzed using a GraphPad Prism v5 statistical program.
Locomotion and anxiety-related behaviour were analyzed using the one way Analysis of variance (ANOVA) followed post hoc by the Newman-Keuls test. Data on the inhibitory avoidance task are shown as the medians (interquartile range) of step-down latencies.
Comparisons of the step-down test session latencies among groups were performed with using the Kruskal-Wallis test followed by Dunn's multiple comparison test. Statistical significance was considered when p≤0.05.
Results
The evaluation of SVT administration in the calvariae of To evaluate the anxiety levels, the animals were tested in the EPM (Figure 4 Several studies have suggested the influence of SVT as a probable therapy for treating anxiety and other changes related to this disorder 9, 10, 19 . Based on this information, our interest was to know how far a low dose intended for use in bone regeneration could also interfere with behaviour. It was observed on the 7 th day post surgery that the animals showed a significant anxiolytic response, depending on the osteoconductive material used. An adaptation of the response to the latter was demonstrated, whereas no similar behaviour or other kind of behaviour alteration was observed during the recovery of the animals in the process of bone regeneration.
With respect to the correlation between locomotor activity and anxiety-related behaviour, our results were the opposite of those produced by the previous reports on SVT hyperactivity in the animals; this was a reflection of the high amount of exploration time of the animals in the open arm of EPM, suggestive of anxiolytic effect 19 . Locomotion of the animals used in our research did not alter during the tests. These conflicting results may be are due to the dose used. Authors used a very high dose of 10 mg/kg/ day, whereas in our studies the dosage was 0.1 mg/kg, which was enough to produce bone regeneration (data not shown) without significant interference in behaviours investigated after the first week of surgical recovery. 
Discussion
In a general context, the results showed that the SVT doseseeking bone regeneration in defects created in rat calvariae, does not interfere with behavioural and/or cognitive responses, except after the first week after application, which showed an anxiolytic effect, reflecting a possible action arising from the first specific effects of the SVT on the central nervous system. On the other hand, the lack of response on the 30 th and 60 th days corresponding to the period of surgical recovery suggests that SVT may be a good choice in stimulating bone regeneration without affecting longterm locomotion, anxiety levels and aspects of memory.
Attention is drawn here to the fact that in the first week of surgery recovery, the animals showed anxiolytic effect that was osteoconductive-dependent. There are no reports in the literature emphasizing the anxiolytic property of BoneCeramic 
